a Taking advantage of synergistic effects, the ternary metal oxides have attracted tremendous interest.
. Surprisingly, the low-cost and eco-friendly route provides a novel strategy to synthesize the mixed transition metal oxide electrodes with readily scaled-up production.
Presently, the energy density of lithium-ion batteries (LIBs) needs urgently to be improved to meet the market development, which is principally restricted by the current commercial graphite anode materials (z372 mA h g À1 ).
1,2 Hence, enormous efforts have been implemented to exploit anode materials with high capacity, such as metal oxide/sulde, 3-5 phosphide, 6 Sibased compounds. 7 In consideration of their nontoxicity, low cost and high energy density, transition metal oxides (TMOs) have attracted extraordinary attention, owing to their high theoretical reversible capacity, which is twice as high as that of graphite. [8] [9] [10] Especially for ternary TMOs, they are considered as the most promising candidates for LIBs owing to their higher electrochemical activity and better ion/electron conductivity induced by their synergistic effects, compared with their corresponding single metal oxides.
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Among the numerous ternary TMOs, ZnMn 2 O 4 are particularly attractive and extensively investigated, as it can offer richer redox reactions and display a relatively lower delithiation potential of 0.5 V than those of single-component oxides vs. 18 Unfortunately, although the nanosized ZnMn 2 O 4 prepared by the above studies deliver a good electrochemistry property, the operational process is fairly complex and the productivity is relatively low, hindering the further development of ZnMn 2 O 4 anodes. Therefore, it is urgent to explore a novel and highly efficient synthetic method to fabricate nanosized ZnMn 2 O 4 with improved electrochemical performance.
Herein, one-step room-temperature synthesis of ZnMn 2 O 4 nano-particles based on facile KOH solution system and lowcost precursor materials has been designed and presented in this investigation. The synthesized ZnMn 2 O 4 anode exhibits satised electrochemical properties in regard of high reversible capacity and excellent cycling stability. Compared with previously reported ZnMn 2 O 4 materials synthesized at elevated temperature, it is facile, up-scalable and high-efficient for our work, which provide a new strategy to realize the large fabrication of other TMOs, such as ZnFe 2 O 4 , ZnCo 2 O 4 .
The ZnMn 2 O 4 nano-particles were synthesized through a facile, low cost route in one-step process, which is depicted in Fig. 1a . In the basic medium of KOH aqueous solution, MnO could be slowly oxidized to Mn 3 O 4 ( Fig. S3 †) (Fig. 1b) , the nano-sized particles with dimension of 20-30 nm get aggregation into bulk morphology, which is obviously different from the pristine samples (Fig. S1 †) and is also conrmed by TEM (Fig. 1c) . Predictably, aer mixing the precursors in the solution process, the ZnMn 2 O 4 materials are synthesized, which indicate that the approach is feasible and is conrmed by the following measurements of HRTEM and XRD. From the HRTEM image (inset of Fig. 1c) , it can be clearly observed the interplanar spacing of 0.271 nm, well matching with the (103) planes of ZnMn 2 O 4 phase, indicating the high crystallization of as-prepared ZnMn 2 O 4. Moreover, the corresponding SAED pattern (Fig. 1d) is well indexed to the crystal planes of (211), (220), and (312) of ZnMn 2 O 4 , demonstrating the polycrystalline characters by the clear diffraction rings. The elemental mapping images (Fig. 1e) ascertains that the electrode is consisted of Zn, Mn and O with evenly distributed, and the molar ratio of Zn and Mn is approaching 1 : 2 (Fig. 1f) , conrming the formation of ZnMn 2 O 4 .
The XRD pattern of the ZnMn 2 O 4 nanoparticles is shown in Fig. 2a , which can be well indexed into the tetragonal structure of ZnMn 2 O 4 with a space group of I4 1 /amd (141) (JCPDS no. . Meanwhile, as presented in the Raman spectra (Fig. 2b) (Fig. 2c and d) . The full spectrum displays four elements, Zn, Mn, O, and C in Fig. 2c and S3 , † and the C 1s spectrum (282.8 eV) is assigned to carbonate materials existed in the XPS instrument. The Mn 2p peak can be split into two peaks at 653.4 and 641.7 eV with an energy margin of 11.7 eV, associated to the Mn 2p 1/2 and 2p 3/2 , respectively, which conrms the oxidation state of Mn 3+ in the ZnMn 2 O 4 nanoparticles.
22,23
To evaluate the lithium storage performance of ZnMn 2 O 4 , various electrochemical measurements were conducted as anodes in the coin cells. Cyclic voltammetry (CV) test at a rate of 0.1 mV s À1 in potential range of 0.01-3.0 V is employed to explore the lithium-ion reaction mechanism of ZnMn 2 O 4 , as shown in Fig. 3a . During the initial cathodic sweep, the rst occurred peak at 1.08 V is consistent to the reduction from Mn
3+
to Mn 2+ , and the following peak located at 0.75 V is ascribed to the electrolyte decomposition accompanied with the formation of the solid electrolyte interphase (SEI), respectively, which disappears in the subsequent scans. Meanwhile, the peak at 0.41 V is assigned to the irreversible reduction reaction of Mn
2+
and Zn 2+ into Zn 0 and Mn 0 embedded in amorphous Li 2 O matrix. While the peak at low potential (about 0.08 V) is corresponding to the formation of Li-Zn alloy (Fig. S6 †) , which is consistent with the earlier CV proles. 16 In the corresponding anodic scan, two oxidation peaks at approximately 1.2 and 1.5 V are associated to the reversible oxidation of Zn 0 and Mn 0 , and formation of ZnO and MnO, respectively. 24, 25 In the following scans, the reduction peak for conversion reaction shis from 0.41 V to 0.49 V, ascribing to the small overpotentials induced by smaller particles. 22 Furthermore, the following CV proles almost completely superimposed for each other, suggesting the excellent reversibility and stability of ZnMn 2 O 4 anode.
The rst discharge-charge curves of ZnMn 2 O 4 nano-particles (abb. ZMO) and precursor materials (ZnO and MnO) are shown in Fig. 3b, recorded (Fig. 3d) . Furthermore, it maintains a reversible capacity of 1028.9 mA h g À1 aer 400 cycles at rate of 1 A g À1 , equivalent to capacity retention of 82.08%. Interestingly, it suffers from capacity loss during the initial dozens of cycles, but thereaer, it begins to increase signicantly, which is normally found in other TMO-material anodes. This phenomenon is generally attributed to the polymeric gel-like lm with continuous and reversible formation during the kinetic activation process of anode.
18,26
The EIS proles of the three samples are Nyquist plots, tted by the corresponding equivalent circuit as displayed inset of Fig. 4a . The charge-transfer resistance is noted as R ct and Li + diffusion coefficient is calculated as followed:
Herein, R, T, A, n, F, and C are attributed to the gas constant, absolute temperature, area of electrode, electrons number, Faraday constant, and concentration of Li + , respectively.
Furthermore, s represents the Warburg impedance coefficient, which is associated with Z 0 :
Where the R s and u are ohmic resistance and angular frequency, respectively. 23 The R ct value of ZnMn 2 O 4 (8.61 U) is lower than that of ZnO (66.69 U) and MnO (12.33 U) and the D value is higher than that of others (D ZMO 
, which is consistent with the analysis of the cycling and rate performance. This enhanced inherent kinetics can be assigned to the shortened distance for Li-ion diffusion, resulting from the characteristic of nanosized particles. While the ternary oxide can facilitate electron transport in contrast to the individual oxide induced by the synergistic effect. In summary, nano-particles ZnMn 2 O 4 with high yields were synthesized by a facile solution reaction route without template at room temperature. Unlike other materials for amorphous state, the as-prepared ZnMn 2 O 4 exhibits strong crystalline with a nanostructure morphology. Electrochemical measurements demonstrate that the as-prepared ZnMn 2 O 4 exhibits remarkable reversible capacity and cycling stability, superior to those of pristine materials. The facile strategy opens up a new approach to fabricate ternary or multiphase transition metal oxides at room temperature, which can promote the development and keep highly promising to scale-up of transition metal oxides as anodes for LIBs.
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